events.
Results
of wg-LacZ expression in the posterior dorsal domain (bracket in Figure 1L ), suggesting an antagonistic relationship between Wg and Dpp.
Hh-, Wg-, and Dpp-Expressing Cells Prepattern
Two key findings from the expression study of the Early Eye Discs L1 disc are: (i) hh-, wg-, and dpp-LacZ markers are To study the role of Hh, Wg, and Dpp in patterning the predominantly expressed in PM and margin cells and early eye disc, we investigated the distribution of cells (ii) wg-and dpp-LacZ ϩ cells are confined to the dorsal expressing these proteins in the first and second instar and ventral domain of the disc, respectively, during most discs. We monitored expression of Hh, Wg, and Dpp of the L1 stage ( Figures 1I-1K and 1N-1P ). These findusing lacZ reporters (Experimental Procedures) so that ings suggest that DV boundary formation in the PM by the cells producing the corresponding signal would be these wg-and dpp-LacZ ϩ cells may be linked to the DV marked by intracellular LacZ protein.
patterning of the DP. The eye-antenna disc is connected to the dorsal pouch, and its anterior dorsal side is continuous with Second Instar ( were observed in L2 stage. In early L2 stage, large cells pression patterns of these signaling molecules will be with strong wg-LacZ expression were positioned along described below for each instar. Unless specified, "disc" the DV midline (arrow in Figure 2F ) and to the anterior refers to the eye-antenna disc.
dorsal domain (arrowhead in Figure 2F ). In later L2 stage, at least two new groups of wg-LacZ ϩ cells appeared: Figure 1I ). The margin showed enhanced expression of hh-LacZ (arwg-LacZ ϩ cells from the dorsal pouch grew toward rowhead in Figure 2E ; Dominguez and Hafen, 1997; the eye disc and occupied the dorsal margin (arrowRoyet and Finkelstein, 1997). At the posterior margin, heads in Figure 1J ). In the mid-L1 stage, wg-LacZ ϩ cells wg-LacZ was transiently expressed while dpp-LacZ exoccupied most of the dorsal domain ( Figure 1K ). Subsepression was minimal (black arrowheads in Figures 2J quently, a portion of the posterior dorsal domain lost and 2O). In addition, wg-LacZ expression was seen in wg-LacZ expression (bracket in Figure 1L) . the anterior ventral domain (red arrowhead in Figure 2J ). In contrast to dorsal wg-LacZ ϩ cells, dpp-LacZ ϩ cells Both hh-and wg-LacZ were expressed in the vertex were restricted to the ventral domain during most of the primordium, consistent with previous reports (Figures L1 stage. No dpp-LacZ ϩ cells were found in the disc of 2E and 2J; Dominguez and Hafen, 1997; Royet and Finnewly hatched larvae, but soon afterwards a single dppkelstein, 1997). In contrast, dpp-LacZ expression was LacZ ϩ cell appeared in the ventral margin ( Figure 1N) . not present in the vertex primordium or DV midline (Fig-A few unequivocal distinction of the two layers. In DAB-stained Wg protein was detected in all PM cells probably due to secretion of Wg protein to neighboring cells in this early L1 discs, hh-LacZ was expressed in both PM and DP layers ( Figures 3A and 3B ), but strongly expressed small disc ( Figures 3K-3M ). However, in the DP layer, Wg protein was preferentially localized in the dorsal in the PM layer in later stages (Figures 1 and 2) . Consistent with this, hh-LacZ ϩ cells were detected in the vendomain probably restricted by the lumen between the dorsal and ventral sides ( Figures 3N-3P ). This pattern tral PM layer of the early L2 disc ( Figure 3C ), but in dorsal PM layer of the early L3 disc (Figures 3E and 3G) .
of Wg protein distribution is consistent with the localization of wg-LacZ ϩ cells in the dorsal PM and margin. hh-LacZ expression in the DP was weak, if any, in both stages ( Figures 3D, 3F, and 3G) .
In Figures 6C and 6D) . However, Hh ϩ PM cells near the midline enhanced Ser expression in the underlying of Ser in the nearby DP was also increased (arrow in Figure 6G ). In contrast, none of the 15 DP clones, even DP (arrows in Figures 6C-6F ; compare to Figure 6A ). This suggests that peripodial Hh signaling is responsible the ones very close to the margin, changed the level of Ser expression (arrowhead in Figure 6G ). Careful examifor Ser induction in the midline where Ser is normally present.
hh-LacZ is expressed in dorsal PM cells (arrow in [E]), margin cells (arrowheads in [F]), and vertex primordium (arrow in [F]). Vertical cross section of an early L3 disc with hh-LacZ ϩ dorsal PM cells (arrow in [G]). (H-J) Early L1 disc sectioned at the PM level (H, solid section line in [J]) and at the DP level (I, dashed section line in [J]). dpp-LacZ is expressed in three PM cells and restricted to the ventral side. The arrow indicates the Bolwig's nerve stained by anti-Dlg antibody and is an approximate DV midline. The dorsal portion of the disc is out of focus. dpp-LacZ is not detected in the DP level (I). Note that the dorsal and ventral cells in the DP level are not in contact at the midline at this stage (asterisk). (J) is a side view of an L1 disc as in (G). (K-P) Wg protein expression in early L1 disc. (K)-(M) and (N)-(P) are sections at the level of PM and DP, respectively (see [J] for scheme). In the DP, Wg is preferentially seen in the anterior dorsal domain (arrow in [O]). (K) and (N) are merged images of (L) and (M), and (O) and (P), respectively. (Q-S) Early L2 disc. aDP, apical DP; bDP, basal DP. dpp-LacZ is expressed in the PM (Q), margin (arrow and arrowhead in [R]) and DP (arrow in [S]). Ser (green) is enriched in the ventral domain below the dashed midline in (R). (T and U) Mid-L3 disc. dpp-LacZ

clone (A). A few PM cells marked with a rectangle in (A) were magnified in (B). Processes are marked with white arrows. Bolwig's nerve is marked with yellow arrows. Image of the PM cells in (B) is shown in a higher magnification and without Dlg staining (C) for better contrast of image. Long (large arrow) or short (small arrow) processes are marked in (B) and (C). Bifurcation of the process is indicated (arrowhead in [C]). (D and E) A LacZ ϩ clone spanning PM (arrow in [D]), margin (arrow in [E]), and DP (arrowheads in [E]) region. Insets in (D) and (E) show magnified views of the LacZ ϩ area marked with white arrowheads, respectively. Many punctate stains are visible only near PM cells (inset in [D]). Photoreceptor axons originated from the labeled photoreceptors are indicated (yellow arrow in [E]). (F-I) Processes are also present in PM cells of wing discs. A late L3 wing disc with a big LacZ ϩ clone (F). Images in (G)-(I) are from serial optical sections of PM cells marked with a square in (F
nation of these margin clones revealed that Ser was (Parks et al., 1995) . The region of ectopic retinal differentiation was in proximity to the position of the and K.-W. C., unpublished data). To examine the specific effect of the loss of Hh in the PM, we generated homozygous hh Ϫ clones during L1 stage. The wild-type chromosome was marked with an arm-lacZ fusion gene so that hh Ϫ clones are LacZ negative. We found nine PM clones most of which were small and accompanied by hh ϩ /hh ϩ twin spots. The presence of hh Ϫ clones and the twin spots in the PM layer induced complex changes in the underlying DP cells. One such example is shown in Figures 6J-6M . In this disc, the anterior ventral domain of both the PM and DP was lost. Interestingly, ectopic Hh expression in the same domain induced overgrowth (asterisk in Figure 6I ), suggesting that Hh is essential Although this study has focused on signaling from the PM to the DP, the signaling may be bidirectional. It is two types of cells are juxtaposed in the DV midline of PM and seem to be mutually exclusive in later stages conceivable that the extension of peripodial processes may depend on specific signaling cues provided from (Figures 1 and 2) 
